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1-133 (cancelled) 

134. (currently amended) A process for conducting catalytic reforming of 
hvdroearbnns and alcohols with steam and carbon dioxide for the production of pure 
fndrugen which includes the use of : 

a iar outer impermeable hollow tubular cylinder nesting two more concenLric 
permeable tubular cylinders, a next inner and a most inner one, having the most inner 
pmnenhle cylinder nested within the next inner permeable cylinder thus defining 
Ihree different annular /ones including next inner membrane and most inner membrane, 
wuh the most inner permeable cylinder kv-tee filled with a reforming catalyst JiLPeikLor 
tiarucJv form, and mekttte including gas heating tubes located along the most inner axis 
^r^J!»AJJaL-^ aivM to the temperature of said reforming reaction . wkb-t^-^aiyM-te 
he in-fH^HtH of- parlicl e for m, with the hydrogen product te-fee continuously removed via 
perineal ion along the most inner membrane^ wherein fht* most inner membrane is made 
from an inorganic or composite material, with the remaining reaction species k* 
partiallj permettte pe rmeating as welt via the most inner membrane, and Willi the 
permeated species diluted by an inert carrier gas flowing along the next inner 

annular /one, with hydrogen only te4* continuously removed via permeation almig the 
next inner membrane and allow for - wm i nuous hyd p& g e n withdraw al contjimoush: 

withdrawn _.a-s_weM out of the most inner catalytic /one and-fof caus ing for jhe 

continuous equilibrium shift of the reactions evolving within this /one, with neM inner 
membrane Hv-be made from a metal or non-porous inorganic material permeable only to 
hyilrogeiu and with the pure hydrogen to-f>em*e6te permeating through the next tiv^r 
niL-inbranc uud withdrawn along the far outer cylindrical zone. 
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135. (previously presented) The process of claim 134 wherein the most inner 

membrane is made from one or more materials selected from the group consisting of 
alumina, silica, titania, zireonia, yttria, and the next inner membrane made from one or 
more materials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
tantalum carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, 
tungsten. 

136. (previously presented) The process of claim 134 wherein the feed 
hydrocarbon or alcohol is a single component or a mixture of components selected from 
Ihe group consisting of methane, ethane, propane, n-butane, i-butane, methanol, ethanol, 
propanoic hmanoh naphtha, gasoline, natural gas, coal gas containing methane, landfill 
i!;v*i containing methane, flue gas containing methane, biomass and sewage gas containing 
methane. 

137. (previously presented) The process of claim 134 wherein the combined 
feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a CH 4 and CO: mixture, acidic natural gas containing CH 4 und CO2, coal gas containing 
CI 1 1 and COi, landfill gas containing CH 4 and CO2, biomass and sewage gas containing 
CI I.4 and COi, Hue and waste gas mixture containing CH 4 and CO.. 

138. (currently amended) The process of claim 134, wherein the reject 
exit stivam from the most inner and next inner annular zones is subject to a condensation 
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Mep which removes steam from the said reject exit steam, and subsequently passed 
through a membrane permealor wherein the hydrogen and carbon dioxide gases are 
separated by permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permeait side or the 
permealor as a reject stream. 

159. (previously presented) The process of claim 138, wherein the reject stream 

from the permealor containing each one or a mixture of unreacted hydrocarbons, alcohols, 
and carbon monoxide is fed in a consecutive steam reforming reaction zone for additional 
production of hydrogen and carbon dioxide gas products.. 

140. (previously presented) The process of claim 138, wherein the reject stream 

from the permealor containing each one or a mixture of unreacled hydrocarbons, alcohols, 
and eaibon monoxide is reeyeled into the initial catalytic most inner reforming /one for 
continuous reforming reaction. 



Ml. t currently amended) The process of claim 134, wkh wherein the reject 

exit irtrattfl streams from the most inner and next inner annular /ones to have the 
contained steam removed by condensation and subsequently passed through a cryogenic 
separator^ wherein the contained in stream hydrogen and carbon monoxide are separated 
as gases, while the hydrocarbons, alcohols, and carbon dioxide are separated as 
condensed liquids and after heating are recycled back into the inlet of the preceding most 
inner catalytic reforming zone, wkh wherein the separated hydrogen und carbon 

4 
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monoxide product mixture coming from the cryogenic separator to-be is used in 
following listed consecutive applications^ for fuel gas in solid oxide and molten 
carbonate fuel cells, for fuel gas in gas turbines and gas engines. 

142. (previously presented) The process of claim 141 wherein the reactam 

hydrocarbon is methane and the reactant alcohol is methanol. 

(currently amended) The process of claim I4L wherein a part of the 

separated liquefied hydrocarbons, alcohols, and/or and earbon dioxide components from 
the cryogenic separator are mixed with steam and fed into a subsequent reforming 
reaction /one for additional production of hydrogen and earbon monoxide, 

144, (eurremly amended) The process of claim 134, wherein the reject exit 
stream consists of hydrogen, carbon monoxide and unreacted steam and enters as a fuel 
gus feed into a solid oxide or molten carbonate fuel cell for continuous geneMlion of 
electricity, wtib wherein part or all of the permeate hydrogen coming out of the preceding 
membrane /one to-be is_ fed as well in the fuel cell anode inlet itt-ordor to- provide 
P^YiduuS for the supplementary hydrogen fuel feed, 

145. (currently amended) The process of claim 144 wherein the flue hot gas 
emitted by a the fuel cell is used for at least partial healing of the preceding mosl inner 
catalytic reaction /.one. 



5 
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1 46. (currently amended) The process of claim 1 44 whereto the flue hot gas 
emitted by the fuel cell comprises of steam and carbon dioxide and is recycled in the 
into of the preceding most inner catalytic /one for use as a reactant in the reforming 
reaction. 

147. (currently amended) The process of claim 134 wherein the permeate 
hydrogen from the membrane zone is used as fuel feed in a consecutive fuel cell lor 
continuous generation of electricity, with wherein the fuel cell te-be is one of the listed 
tjpes: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 

148. (currently amended) The process of claim 147 wherein the flue hot gas 
emitted by the fuel cell te-be is used for at least partial heating of the preceding most 
inner catalytic /one. 

149. (currently amended) The process of claim 147 wherein the flue hot gas, 
emitted by the solid oxide and molten carbonate fuel cell, which contains steam and 
carbon dioxide. 4«-be is recycled in the inlet of the preceding most inner catalytic /one 
for use us a reactant in the reforming reaction. 

I5f). 1 currently amended) The process of claim 147, wherein the fuel cell is 

of ft cylindrical shape and its fuel anode encloses the cylindrical permreactor in ord w r -tw 

ivceiw ;u»*t v onwum p by receiving and con.nitpi inji directly the pcrrcwate hydrogen y..)* as 
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,UeL th * ^ hot *» emitted by the fuel cell t*** ja used for at least 

Partial homing of the enclosed most inner catalytic reforming zone. 

151- (previously presented) The process of claim 134, wherein the reject exit 

stream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
feed in u gas engine or o gas turbine for continuous generation of electricity, wkb 
herein part or all of the permeate hydrogen coming out of the preceding membrane 
/one be is fed as well in the engine or turbine w ord e r to p ro v i d e providin g for the 
supplementary hydrogen fuel, 



152. (currently amended) A process for conducting catalytic reforming of 

hydrocarbons and alcohols with steam and carbon dioxide for production of pure 
hydrogen which includes the use of: 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder to-be nested within the next inner permeable cylinder thus defining 
three different annular zones including next inner membrane and most inner membrane, 
with the annular space between the far outer and next-inner cylinders te-be filled with a 
in forming catalyst in pellet or particle form , with th e catal ya t to b e in peUtrtw-fwrtieK; 
twm: with hydrogen te-be continuously removed via permeation along the next-inner 
membrane wherein the next-inner membrane is made from an inorganic or composite 
material, with the remaining reaction species to partially pe nn c ate permeati ng as well 
via the next inner membrane, fmd with the permeated species kvk diluted by un inert 

7 
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carrier gas flowing along the next inner annular zone, with hydrogen only *o 4* 
vonlinuously removed via permeation along the most inner membrane *hh^h«h*H^ 
y^wnjLasuvfiU for the continuous feydmge* withdrawal of hvdro^n out of the fur 
outer catalytic zone and for the continuous equilibrium shift of the reactions evolving 
within this zone, with the said most inner membrane made from a meial or non- 
porous inorganic material, and with the per m e at e permeated pure hydrogen * 
withdrawn along the most inner cylindrical /one. 

153. (previously presented) The process of claim 152 wherein the next inner 

membrane is made from one or more materials selected from the group consisting of 
alumina, silica, titania, zirconia, yttria, and the most inner membrane made from one or 
more materials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
tantalum carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, 
tungsten. 



154. (previously presented) The process of claim 152 wherein the feed 

hydrocarbon or alcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-butane, i-butane, methanol, uihanol, 
propanoh butanol. naphtha, gasoline, natural gas, coal gas containing methane, landfill 
gas containing methane, flue or waste gas containing methane, biomass and sewage gas 
containing methane. 



K 
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155. (previously printed) The process of claim J 52 wherein the combined 

feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
h CH, and C() 2 mixture, acidic natural gas containing CH 4 and CO,, coal g« s containing 
au ami COj. landfill gas containing CH 4 and C0 2 . biomass and sewage gas containing 
CI I., and C0 2 . flue and waste gas mixture containing CM., and C0 2 . 

156. (currently amended) The process of claim 152. wherein the reject exit 

*f#*m strejims from the far outer and next inner annular zones to have the contained 
steam removed by condensation, and subsequently fee passed through a membrane 
permeator,, wherein the contained in stream hydrogen and carbon dioxide are separated 
hy permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permeate side of the 
permeator as a reject stream, wherein the separated hydrogen and carbon dioxide 
product mixture to-be is used as a combined fuel-oxidant feed in a molten carbonate 
fuel cell. 



157. (previously presented) The process of claim 156, wherein (he reject 

stream from (he permeator containing each one or a mixture of unreacted hydrocarbons, 
alcohols, and carbon monoxide is fed in a consecutive steam reforming reaction /.one for 
additional production of hydrogen and carbon dioxide gas products. 

I5S. (previously presented) The process of claim 1 56. wherein the reject stream 

from tin- perinomor containing each one or a mixture of unruacted hydrocarbons, uleohnls. 
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and carbon monoxide is recycled into the preceding catalytic far outer reforming zone for 
continuous reforming reaction. 

159. ( currently amended) The process of claim 152, wherein the reject exit 

sirgams from the far outer and next inner annular zones *e have the contained 
steam removed by condensation and subsequently passed through a cryogenic .separator 
wherein the contained in stream hydrogen and carbon monoxide are separated as gases 
while the hydrocarbons, alcohols, and carbon dioxide are separated as condensed liquids 
and after heating are recycled back into the inlet of the preceding far outer catalytic 
reforming zone, with w herein the separated hydrogen and carbon monoxide product 
mixture coming from the cryogenic separator 4e^H* is used in the following listed 
consecutive applications^ for fuel gas in solid oxide and molten carbonate fuel veils, for 
fuel giis in gas turbines and gas engines. 



K>0. (previously presented) The process of claim 159 wherein the reactant 

hydrocarbon is methane and the reactant alcohol is methanol. 



161. ( currently amended ) The process of claim 150, wherein pan of the 

separated liquefied hydrocarbons, alcohols, and carbon dioxide components from the 
cryogenic separator £m? is mixed with steam and fed into a consecutive reforming reaction 
/one for additional production of hydrogen and carbon monoxide which is used in die 
following listed consecutive applications^ for fuel gas in solid oxide and molten 
carbonate fuel cells, for fuel gas in gas turbines and gas engines. 

10 
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162. (currently amended) The process of claim 152, wherein the reject ex.! 

stream consists of hydrogen, carbon monoxide, and unreacled sleam whk* gnd enters us 
ii fuel gas feed into a solid oxide or molten carbonate fuel cell for continuous generation 
of electricity, wkh wherein part or all of the permeate hydrogen coming out of the 
preceding membrane zone to-be is fed as well in the fuel cell anode inlet +*-ord*M*» 
pfov^k pro viding for supplementary hydrogen fuel feed. 

163, (currently amended) The process of claim 162 wherein the line hot gas 

emilted by the fuel cell to-be is used for at least partial heating of the preceding far outer 
catalytic paction /one. 



164. (currently amended) The process of claim 162 wherein the flue hot gas 

emitted by the fuel cell containing steam and carbon dioxide, fc>~be is_ recycled in the 
inlet of the preceding far outer catalytic zone for use as a reactant in the reforming 
reaction. 



165. (currently amended) The process of claim 152 wherein the permeate 

hydrogen from the membrane zone is used as fuel feed in a consecutive fuel cell for 
continuous generation of electricity, w4fe wh erein the fuel cell 4t*4w is one uf the listed 
types: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 
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166. ( currently amended ) The process of claim 1 65 wherein the flue hot gas emiiied 
by the fuel cell feM* is used for at least partial heating of the preceding far outer catalytic 
/one. 



167. (currently amended) The process of claim 165 wherein the Hue hot gas 
containing steam and carbon dioxide, emitted by the solid oxide and molten carbonate 
fuel cell. te~be js recycled in the inlet of the preceding far outer catalytic zone for use as a 
reaetant in the reforming reaction. 

168. (currently amended) The process of claim 165, wherein the fuel cell is 
of ft- cylindrical shape and its fuel anode encloses the cylindrical permreaelor in- order-to 
waive - and con sume bv receiving and consuming directly the permeate hydrogen gas as 
fuel. fHu4-wrth wherein the flue hot gas emitted by the fuel cell k»-be is used for at least 
partial heating of the enclosed far outer catalytic reforming zone. 

109. (currently amended ) The process of claim 152, wherein the reject exit 

stream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
feed in a gas engine or a gas turbine for continuous generation of electricity, wifh 
VVhcrein part or all of the permeate hydrogen coming out of the preceding membrane 
/one fc* be ts_ fed as well in the engine or turbine in ord e r to prov i d e providing for the 
supplementary hydrogen fuel. 
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170. (currently amended) A process for conducting catalytic hydrocarbon reforming 
with carbon dioxide, for production of pure hydrogen and carbon dioxide which includes 
U^use of: 

u far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder to-be nested within the next inner permeable cylinder thus defining 
three different annular zones including next inner membrane and most inner membrane, 
with the annular space between the far outer and next-inner cylinders to-be tilled with a 
reforming catalyst in pellet or particle form, with hydrogen and carbon dioxide to-be 
continuously removed via permeation along the next-inner membrane wherein the ne\L- 
.ilMKf membrane is made from an inorganic or composite material, with the remaining 
reaction species to partially p e rm e ate permeating as well via the next inner membrane 
and with the permeated species to-be diluted by an inert carrier gas flowing along the 
next inner annular zone, with hydrogen and carbon dioxide species to be continuously 
removed via permeation along the most inner membrane, with the most inner membrane 
to-be made from a polymer or inorganic material which is permeable to both hydrogen 
and carbon dioxide species, with the permeated said binary hydrogen-carbon dioxide 
mixture to-be withdrawn by flowing along the most inner cylindrical /one. 



171. (new> The process of claim 170 wherein the next inner membrane is made from 
one or more materials selected from the group consisting of alumina, silica, mania, 
zireonia, ytlria, and the most inner membrane made from one or more materials selected 

13 
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from the group consisting of alumina, silica, mania, .irconia, yttria, polyimidcs. 
polycarbonates, polybenziimidazolcs, poJyphospazenes, polysulfones. 

172. (previously presented) The process of claim 170 wherein the feed 

hydrocarbon or alcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-butane, i-butane, methanol, ethanol, 
propanoic butanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
gos containing methane, flue and waste gas containing methane, biomass and sewage gas 
containing methane. 

173. ( previously presented) The process of claim 170 wherein the combined 
feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a CI I i and COi mixture, acidic natural gas containing CI L, and CO:, coal gas containing 
CH 4 and C0 2 , landfill gas containing CH 4 and C0 2 , biomass and sewage gas containing 
CI I.i and COi, flue and waste gas mixtures containing CH 4 and CO2. 

174. (currently amended ) The process of claim 170 wherein the combined 
permeate from the membrane*, hydrogen and carbon dioxide gas mixture is consumed as 
fuel-oxidant in a consecutive molten carbonate fuel cell. 

1 75. < currently amended ) The process of claim 1 74 wherein the flue hot gas 
emitted by the molten carbonate fuel cell ie-b*? is used for at least partial healing of the 
preceding far outer catalytic reaction zone. 



N 
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17ft. (currt»ntly amended) The process of claim 174 wherein Hue hot gas 

emitted by the molten carbonate fuel cell containing carbon dioxide, *>4>e is recycled in 
the inlet of the preceding far outer catalytic /one for use as reactant in the reforming 



reaction. 



177. (currently amended ) The process of claim 174, wherein the molten 

carbonate fuel cell is of a- cylindrical shape and its fuel anode encloses the cylindrical 
pcrmrcactor in order to r e ceive and consume by receiving and consuming directly as fuel 
I ho permeate hydrogen-carbon dioxide mixture, and with wherein the Hue hot gas 
emitted by the fuel cell 4«4>e is used for at least partial heating of the enclosed far outer 
catalytic reforming zone. 



HH. (previously presented) The process of claim 170 wherein the reject exit 

stream consisting of hydrogen and carbon monoxide enters as fuel gas feed in the anode 
of a consecutive solid oxide or molten carbonate fuel cell for continuous generation of 
electricity. 

179. | currently amended ) The process of claim 1 78 wkh where in the Hue hot 

gas emitted by the solid oxide or molten carbonate fuel cell ta-be is used for at least 
partial heating of the preceding far outer catalytic zone. 
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1 W. < currently amended ) The process of claim 1 78 with vvhcTdn the Hue hoi 

f,.is emitted by the solid oxide ojimoit^^yime fuel cell containing carbon d,oxide. to 
be is recycled in the inlet of the preceding far outer catalytic /one for use as rwicttmi in 
Hie reforming reaction. 

INI. ( currently amended ) The process of claim J 70. wherein the reject exit 

stream rich in hydrogen and carbon monoxide after steam condensation is u.sed us fuel 
feed in a gas engine or a gas turbine for continuous generation of electricity, vwtb 
therein part or all of the permeate hydrogen and carbon dioxide coming out of the 
preceding membrane /one to4» is fed as well in the engine or turbine in order to provide 
for supplementary hydrogen fuel. 
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